Vitamin D3 (50I.U./100 g body wt) was injected day intraperitoneally to the fish H. fossilis maintained in artificial freshwater, calcium-rich freshwater and calcium deficient freshwater. The animals were killed on day 1, 3, 5, and 10. The serum calcium levels were estimated and CS were fixed for histological studies.
Corpuscles of Stannius (CS) are endocrine tissue which exist only in the kidneys of some holostei and teleostei. Functional aspects of this gland is not yet well understood but the studies of Wendelaar Pang (1986, 1991) , Lafeber et al. (1988a) , Flik et al. (1989) , Fenwick and Gilles Brasseur (1991) , Wagner et al. (1991 Wagner et al. ( , 1992 and Sterba et al. (1993) have revealed that they produce hypocalcemic hormone, stanniocalcin (formerly known as both teleocalcin and hypocalcin). This hormone has, as its primary function, the prevention of hypercalcemia (Fenwick, 1985; Perry et al., 1989) and operates by reducing branchial (Lafeber and Perry, 1988; Lafeber et al. , 1988c) and whole body calcium uptake (Wagner et al. , 1986; Lafeber et al. , 1988c) . Also, there exists few suggestions that they may have a parathyroid hormone-like role (Lopez et al. , 1984; Lafeber et al., 1986; 1988b; Milet et al. , 1980) , a prolactin-like action in the gill (Ogasawara and Hirano, 1984) and possibly they are the source of a renin-like enzyme capable of angiotensin II production (Ogawa and Sokabe, 1982) . However, none of these studies could be described as definitive.
Earlier workers have denied the role of vitamin D in fish calcium regulation (Urist, 1976) . The fact, that (i) vitamin D is stored in fish liver (Takeuchi et al. , 1987) , (ii) fish plasma does contain a trans-port protein for 25-OH-D3 (Hay and Watson, 1976) which is the primary circulating form of vitamin D in mammals, (iii) the presence of a renal 25hydroxyvitamin D-1-hydroxylase in the kidneys of fish (Henry and Norman, 1975) , (iv) presence of 25-OH-D3 and 1,25-(OH)2D3 in the plasma of shark and trout (Glowacki et al. , 1982) and (v) hypercalctirnia reported after vitamin D or its metabolite administration to fish (Srivastav, 1983; Swarup et al., 1984; Fenwick et al., 1984) ; leave little doubt that vitamin D and its metabolites can affect calcium homeostasis in fish.
In the present study we have investigated the changes in the CS induced by vitamin D3 treatment to the fish, Heteropneustes fossilis kept either in artificial freshwater, calcium-rich freshwater or calcium-deficient freshwater.
Materials and Methods
Two hundred and eighty eight adult specimens of H. fossilis (body wt 50-80 g) were procured, acclimatized and divided into six numerically equal groups. The first three groups were injected daily intraperitoneally with vehicle (0.05 ml of 95% ethanol/ 100 g body wt) and kept either in artificial freshwater, 75 calcium-rich freshwater or calcium-deficient freshwater. These groups served as control.
The remaining three groups were administered daily intraperitoneally with 50 I.U. of vitamin D31 100 g body wt and kept in the above mentioned artificial media. For other details regarding the preparation of the three artificial media, refer to Singh and Srivastav (1993) .
Animals (12 fishes from each group) were sacrificed 4 hrs after the last injection on day 1, 3, 5, and 10 following the treatment. Fishes were not fed during the experiment. Blood samples were collected by caudal amputation. Sera were separated and analysed for calcium level according to Trinder's (1960) method. After collection of blood samples, the CS along with the adjoining portion of the kidney were removed from the fish and fixed in aqueous Bouin's fluid. Tissues were routinely processed in graded series of alcohols, cleared in xylene and embedded in paraffin wax. Serial sections were cut at 4-6 um with a microtome and stained with hematoxylineosin (HE) or aldehyde fuchsin (AF).
Nuclear indexes (maximal length and maximal width) were taken with the aid of ocular micrometer (fifty nuclei were measured per fish, thus 300 nuclei were measured from six specimens) and then the nuclear volume was calculated.
All data were presented as mean ± SE of six specimens and student's t test was used to determine statistical significance. The experimental group was compared to its specific time control group.
Observations (i) Artificial freshwater:
The serum calcium level of vehicle-injected fish exhibits no change throughout the experiment ( Fig. 1 ).
On day 1 following vitamin D3 treatment the serum calcium level remains unaffected. Thereafter, it increases progressively from day 3 to day 5. On day 10, levels become normocalcemic (Fig. 1) .
The structure of corpuscles of Stannius of vehicleinjected fish (Fig. 2) exhibits several complete or incomplete lobules which contain epithelial cells. These cells possess oval or rounded nuclei. After staining with aldehyde fuchsin the CS reveals two cell types AF-positive and AF-negative (Fig. 2) . The gland remains almost unchanged throughout the experiment.
There is no change in the nuclear volume of corpuscular cells (AF-positive) after day 1 following vitamin D3 treatment. On day 3, the nuclear volume of AF-positive cells records an increase ( Fig. 3 ) and they become partially degranulated as is evident by their weak staining response ( Fig. 4) . Also, there is an increased dilatation of sinusoids ( Fig. 5 ). After day 5 the gland becomes compact and the nuclear volume of AF-positive cells shows further increase ( Fig. 3 ). On day 10, these changes get exaggerated (Fig. 3) . The AF-negative cells of vitamin D3 treated fish exhibit no change in their structure and nuclear volume ( Fig. 6 ).
(ii) Calcium-rich freshwater:
In vehicle-injected fish the serum calcium level increases progressively from day 1 to day 5. Thereafter, on day 10, the value declines, however, it is still hypercalcemic (Fig. 1 ).
On day 1 following vitamin D3 treatment the serum calcium level remains unaffected. There is a progressive hypercalcemia from day 3 to day 5. The level shows a fall on day 10 ( Fig. 1 ).
Up to day 3 following the vehicle-treatment the corpuscular cells have not shown any change. On ( Fig. 3) . After day 10, these cells show a further increase in the nuclear volume ( Fig. 3) . A few cells are seen almost exhausted (Fig. 7) . The gland becomes compact and the sinusoids get dilated. The AF-negative cells of the CS of vehicle-injected fish show a progressive decrease in their nuclear volume from day 3 till the close of the experiment (day 10, Fig. 6 ).
On injection with vitamin D3, the CS get activated on day 3 which is evident by an increased nuclear volume ( Fig. 3) and degranulation (Fig. 8 ) of AF positive cells. Dilatation of sinusoids is also noticed. On day 5, the nuclear volume of these cells further increases (Fig. 3) . Moreover, few AF-positive cells contain traces of AF-positive granules. Certain degenerative changes have also been noticed -the sinusoids get more dilated and the empty spaces and cell debris make their appearances ( Fig. 9 ). On day 10, these changes get exaggerated. The nuclear volume of AF-positive cells exhibits a decrease (Fig.  3) . The AF-negative cells of the CS of the fish treated with vitamin D3 get shrunken leading to decrease in their nuclear volume on day 3 (Fig. 6 ). This response persists till the end of the experiment (day 10, Fig. 6 ).
(iii) Calcium-deficient freshwater:
In vehicle-injected fish the serum calcium level exhibits a gradual decrease from day 1 to day 3. From day 5, the value tends to increase thus resulting into hypercalcemia on day 10 (Fig. 1) .
In vitamin D3 treated fish hypercalcemia has been recorded on day 3 and day 5. Thereafter, the serum calcium level declines on day 10 (Fig. 1) .
In vehicle-injected fish, the corpuscular cells show no histological change on day 1. Between day 3 and day 5, there is a progressive increase in the AF-positive granules (Fig. 10) . The nuclear volume of AF-positive cells does not show any change (Fig. 3) . On day 10, there is a slight decrease in the staining response of the cytoplasm of AF-positive cells. The nuclear volume of these cells remains unchanged (Fig. 3) .
The AF-negative cells of vehicle-injected specimen remain unchanged on day 1. A progressive decrease in the nuclear volume of these cells is recorded between day 3 and day 5 (Fig. 6) . On day 10, the nuclear volume increases (Fig. 6) approaching to the value of control specimens.
Up to day 3 following vitamin D3 treatment, the AF-positive cells remain unchanged. From day 5, the gland becomes active which is expressed by sinusoidal dilatation, degranulation of AF-positive cells (Fig. 11 ) and increased nuclear volume of AFpositive cells (Fig. 3) . These changes get exaggerated on day 10 (Fig. 3) .
The AF-negative cells of the CS of vitamin D3treated specimens exhibit a progressive decrease in the nuclear volume from day 3 to day 10 ( Fig. 6 ).
Discussion
In the present study the fish injected with vitamin D3 and kept either in artificial freshwater, calciumrich freshwater, or calcium-deficient freshwater exhibits degranulation of AF-positive cells, increased nuclear volume of these cells and sinusoidal dilatation. Earlier workers have considered hypertrophy of CS cells as an indication of the activity of CS in response to hypercalcemia (Olivereau and Olivereau, 1978; Srivastav et al., 1985; Srivastav and Srivastav, 1988) . The volume and density of CS type-1 cells increases as a result of external calcium concentration (Urasa and Wendelaar Bonga, 1987) .
In H. fossilis hypercalcemia results into degranulation of AF-positive cells. Similar response of corpuscular cells has been reported in the past by Aida et al. (1980) and Srivastav et al. (1985) . Aida et al. (1980) have suggested that the secretory activity of cells of CS may be directly affected by plasma ion levels, specially Ca'. The present study supports this suggestion. It is also in agreement with the observations of Wendelaar Bonga et al. (1980) . According to them type-1 cells (AF-positive cells) are more active in the fish adapted to diluted or fullstrength seawater than in freshwater specimens. For this response Wendelaar Bonga et al. (1980) have stated that the high activity of these cells in seawater is apparently due to the high calcium concentration of seawater. The degranulation of the AF-positive cells of CS of H. fossilis can be attributed to the increased release of hypocalcemic factor (stannio- In the CS of H. fossilis kept in calcium-deficient freshwater there is an increased storage of AF-positive granules. This can be attributed to the observed decrease in the serum calcium level. Hypoactive type-1 cells (AF-positive cells) have been noticed in the fish exposed to low-calcium seawater (Wendelaar Bonga et al. , 1980) . Storage of secretory granules within calcitonin cells (which secrete a hypocalcemic factor in mammals) in response to hypocalcemia has also been reported earlier by Gittes et al. (1968) and Srivastav and Swarup (1982) . In mammals, it has been suggested by Hirsch and Munson (1969) that the heavy accumulation of secretory granules in calcitonin cells during hypocalcemia results due to little or no calcitonin secretion and continuance of its biosynthesis. In the present study the same principle seems to be involved.
In freshwater medium, there is no change in the AF-negative cells of CS after treatment with vehicle or vitamin D3. This may be due to non-involvement of this cell type in calcium homeostasis as according to Wendelaar Bonga et al. (1976 Bonga et al. ( , 1980 this cell type is involved in the regulation of only monovalent ions.
In calcium-rich medium the AF-negative cells of CS of fish after vehicle or vitamin D3-treatment exhibit a decrease in the nuclear volume. This is in conformity with the reports of Wendelaar Bonga et al. (1976 Bonga et al. ( , 1980 and Meats et al. (1978) who have reported indications for a reduction of secretory activity of type-2 cells (AF-negative) of CS from fish transferred from freshwater to seawater. These studies including the present study are contrary to the report of Aida et al. (1980) who have noticed degranulated type-2 cells in CS of Oncorhynchus kisutch maintained in organ culture in media containing high calcium.
It is of interest to note in the present study that AF-negative (type-2) cells exhibit a decreased nuclear volume in calcium-deficient freshwater, similar to those observed in calcium-rich freshwater. This reduced activity of type-2 cells in calcium-deficient freshwater may be attributed to the possible increase in the serum sodium level as it has been reported that removal of calcium from water bathing the gills of gold fish resulted in a two-fold increase in Na+ influx (Cuthbert and Maetz, 1972) .
